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REMARKS 

Claims 138-162 are pending in the application. Claims 1-137 have been cancelled 
without prejudice. The title of the application has been amended to reflect the subject matter of 
the pending claims. The first page of the specification has been amended to update the status of 
the priority applications. No new matter has been added. 

Priority Information 

At page 2 of the Office Action, the Examiner requested that the first page of the 
specification be amended to reflect the status of priority application numbers 10/301,056 and 
09/383,551. The specification has been amended to refer to the abandonment of application 
number 10/301,056 and recite the number and issue date of the patent granted for application 
number 09/383,551. 

Title to the Application 

At page 3 of the Office Action, the Examiner asserted that the title is not descriptive of 
the pending claims and requested that a new title be provided. In response to this objection, the 
title has been amended to "METHODS OF TREATING AN INFLAMMATORY DISEASE 
WITH A JTT-1 POLYPEPTIDE." 

35 U.S.C. §112. First Paragraph (Enablement) 

At pages 3-5 of the Office Action, the Examiner rejected claims 138-162 as allegedly not 

enabled. According to the Examiner, 

[t]he instant claims broadly encompass methods of treating any inflammatory 
disease in any subject; however, no direction or guidance, and no working 
examples have been provided by the Applicant. At the same time, methods of 
treatment relying on manipulation of costimulatory molecules of the immune 
system, of which the instantly claimed JTT-1/ICOS/AILEM is a member, are 
highly unpredictable. For example, Blazar et al. (J. Immunol., 1996, 157: 3250- 
3259; see entire document, in particular, e.g. page 3257, column 2 first paragraph) 
disclose that issues such as tissue distribution, half-life, affinity and avidity 
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obtained with various reagents targeting costimulatory molecules might prove to 
be highly important in achieving a therapeutic effect. However, any conclusion 
regarding the efficacy of CD28/B7 modulation in altering in vivo immune 
response should be interpreted in light of the specific reagent used (Blazar et al., 
see page 3257, column 2, paragraph 1). Therefore, there is no evidence that the 
animal model used in the experiments disclosed in the specification would be 
predictive of the therapeutic methods encompassed by the claims. 

Applicants respectfully traverse the rejection in view of the following comments. 

Claims 138-162 are directed to methods of treating an inflammatory disease in a subject 
by administering to the subject a composition comprising a polypeptide comprising the 
extracellular domain of the "JTT-1" protein (or a variant thereof). 

The present application describes the cloning and characterization of the costimulatory 
molecule JTT-1 (as noted in the Office Action, JTT-1 is also known in the art as "ICOS" and 
"AILIM"). The application as filed contains working examples demonstrating that JTT-1 is a 
costimulatory molecule that plays an important role in the activation of T cells. For example, the 
application contains in vitro experimental findings demonstrating that JTT-1 is involved in the 
transmission of costimulatory signals and functions in the regulation of lymphocyte activation 
(Example 13). In addition, the application contains in vivo experimental findings demonstrating 
that administration of an anti- AILIM antibody in animal models of experimental allergic 
encephalomyelitis (Example 14) and glomerulonephritis (Example 15) inhibits the development 
of certain pathological immune responses. In view of these working examples, the person of 
ordinary skill in the art at the time the present application was filed would have understood that 
blocking the signaling pathway of the JTT-1 costimulatory molecule would be an effective 
means of preventing or reducing inflammation. Furthermore, the skilled person would have 
understood that, as is described in the application and as is common in the field of immunology, 
such a blockade could be accomplished by administration of an anti- JTT-1 antibody 
(as exemplified in Examples 14 and 15) or by administration of a soluble JTT-1 protein 
(the preparation of which is described in Example 16). 

The Office Action cited the publication Blazar et al. (1996) J. Immunol. 157:3250-59 
("Blazar") in support of the present enablement rejection. However, applicants respectfully 
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submit that Blazar not only fails to cast doubt on the enablement of the claims, but actually 
contributes to the expectation of success that accompanies the practice of the claimed methods. 
In its introduction, Blazar reviews the findings of several publications demonstrating that in vivo 
administration of CTLA-4-Ig (a soluble protein containing the extracellular domain of CTLA-4) 
is useful in blocking CD28-mediated costimulation and suppressing immune responses in several 
different animal models (page 3250, right column; see also a review of the successful in vivo use 
of CTLA-4-Ig in the specification at page 7, line 18, to page 8, line 17). Blazar' s experimental 
findings do not suggest that the CTLA-4-Ig protein is ineffective as an immunomodulator. 
Rather, Blazar merely concludes that a combination treatment using anti-CD80 and anti-CD86 
antibodies is "more effective" than CTLA-4-Ig in a graft versus host disease model. This finding 
does not modify the underlying fact that CTLA4-Ig is effective in both the graft versus host 
disease model as well as the several other model systems described by Blazar on page 3250. As 
a result, Blazar supports the understanding in the art at the time the application was filed that a 
soluble CTLA-4 protein can be administered to an animal to suppress an immune response. In 
view of the close relatedness of the JTT-1, CD28, and CTLA-4 costimulatory molecules, the 
working examples contained in the application as filed, and the previous success observed with 
in vivo use of CTLA-4-Ig, the person of ordinary skill in the art would have expected that a 
polypeptide containing the extracellular domain of JTT-1 (or a variant thereof) would be useful 
in treating an inflammatory disease. 

Post-filing publications have confirmed that, as described in the present application, 
administration of a soluble JTT-1 protein is effective at suppressing an immune response. For 
example, Ozkaynak et al. (2001) Nat. Immunol. 2(7):591-96 (submitted in a previous 
Information Disclosure Statement; courtesy copy enclosed) demonstrates that blockade of the 
JTT-1 (i.e., ICOS) pathway by administration of either a blocking anti-JTT-1 antibody or soluble 
JTT-1 -Ig results in prolonged allograft survival in treated animals. 
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In addition to the foregoing, applicants note that the Office previously found allowable 

(in Application No. 10/301,056) the following claim directed to a method of treating an 

inflammatory disease with an anti-JTT-1 antibody: 

70. A method of treating an inflammatory disease in a subject, the method 
comprising administering to the subject an effective amount of a pharmaceutical 
composition comprising (i) a pharmaceutically acceptable carrier and (ii) a 
monoclonal antibody that binds to a polypeptide consisting of SEQ ID NO:2. 

In finding the above claim of Application No. 10/301,056 allowable, the Office stated at 
page 2 of the Communication of December 17, 2003 that "besides the working Examples of 
treating inflammation in animal models provided in the instant specification, others also teach 
that antibodies to ICOS (the current name in the art for the AILIM polypeptide) can be used to 
treat inflammatory disease in a subject." 1 As detailed herein, applicants respectfully submit that 
the person of ordinary skill in the art would have expected that inhibition of the JTT-1 signaling 
pathway via administration of a soluble JTT-1 protein to be (like administration of an anti-JTT-1 
antibody) a useful means for the treatment of an inflammatory disease. 

In view of the disclosure contained in the present application combined with the 
knowledge and skill in the art at the time the application was filed, the skilled person would have 
been able to carry out the claimed methods without undue experimentation and with a reasonable 
expectation of success. Applicants request that the Examiner withdraw the rejection. 

Obviousness-Type Double Patenting 

At page 6 of the Office Action, the Examiner provisionally rejected claims 138-162 under 
the judicially created doctrine of obviousness-type double patenting as allegedly unpatentable 
over (i) claims 1-7 and 10-15 of co-pending and commonly assigned application serial 
number 10/729,880, and (ii) claims 18, 21, 22, 25, 29, 31-33, and 36 of co-pending and 
commonly assigned application serial number 10/721,404. 

The allegedly conflicting claims of application serial numbers 10/729,880 and 
10/721,404 have not been patented. For this reason, the present rejection is a provisional 



1 Application No. 10/301,056 was subsequently abandoned. 
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obviousness-type double patenting rejection. In view of the amendments and remarks presented 
herein, it is applicants understanding that the provisional obviousness-type double patenting 
rejection is the only rejection remaining in the present application. Accordingly, the double 
patenting rejection should be withdrawn to permit the present application to issue as a patent. 
See MPEP § 804.I.B. Because neither of application serial numbers 10/729,880 and 10/721,404 
has issued as a patent, no terminal disclaimer is required for the present application. Applicants 
respectfully request that the Examiner withdraw the rejection. 

Common Ownership of Applications 

At pages 6-7 of the Office Action, the Examiner alleged that claims 138-162 are directed 
to an invention not patentably distinct from claims 1-7 and 10-15 of co-pending and commonly 
assigned application serial number 10/729,880. In addition, the Examiner stated that the 
commonly assigned application would form the basis of a rejection under 35 U.S.C. § 103(a) if 
the application qualified as prior art under 35 U.S.C. § 102(e), (f), or (g) and the allegedly 
conflicting inventions were not commonly owned at the time the invention in this application 
was made. 

As detailed in the enclosed statement under 37 C.F.R. § 1.78(c), the present application 
and U.S. Patent Application Nos. 10/729,880 were owned by or subject to an obligation of 
assignment to Japan Tobacco Inc. at the time the inventions disclosed and claimed in the 
respective applications were made. The enclosed statement precludes a rejection under 
35 U.S.C. § 103(a) based upon the use of the foregoing commonly assigned applications as 
references under 35 U.S.C. § 102(e), (f), or (g). 
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CONCLUSION 



Applicants submit that all grounds for rejection have been overcome, and that all claims 
are in condition for allowance, which action is earnestly requested. 

Enclosed is a Petition for One Month Extension of Time. Please apply any charges or 
credits to Deposit Account No. 06-1050, referencing Attorney Docket No. 14539-00401 1. 



Fish & Richardson P.C. 

Citigroup Center 

52nd Floor 

153 East 53rd Street 

New York, New York 10022-4611 

Telephone: (212) 765-5070 

Facsimile: (212)258-2291 



Respectfully submitted, 
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Engin Ozkaynak.Wei Gao, Nida Shemmeri, Chichung Wang, Jose-Carlos Gutierrez-Ramos, 
Jillian Amaral, Shixin Qin, James B. Rottman, Anthony J. Coyle and Wayne W. Hancock 

Primary T cell activation requires B7-CD28 and CD40-CD154 costimulation, but effector T cell 
functions are considered to be largely independent of these costimulatory pathways. Although 
blockade of costimulation with cytolytic T lymphocyte-associated antigen 4-immunoglobulin 
(CTLA-4-lg) or monoclonal antibody (mAb) to CD154 prolongs allograft survival, chronic rejection 
follows, which suggests that additional key costimulatory pathways are active in vivo. We found that 
both antibody to inducible costimulator (anti-ICOS) and an ICOS-lg fusion protein suppressed 
intragraft T cell activation and cytokine expression and prolonged allograft survival in a manner 
similar to that in ICOS'" allograft recipients.The combination of anti-ICOS therapy and cyclosporin 
A led to permanent engraftment. In addition, ICOS-B7RP-1 costimulation was required for the 
development of chronic rejection after CD40-CD154 blockade.These data demonstrate a key role for 
the ICOS-B7RP-1 pathway in acute and chronic rejection and highlight the benefits of targeting this 
pathway in combination with the use of conventional immunosuppressive agent. 



The costimulatory molecules CD28 and CD40 ligand (CD 154) play 
key roles in the activation of immune responses after binding of the 
peptide-major histocompatibility complex (MHC) to the T cell antigen 
receptor (TCR) W . Engagement of CD28 by B7-1 (CD80) and B7-2 
(CD86) expressed on the surfaces of antigen-presenting cells (APCs) is 
critical to T cell activation. In addition, cytolytic T lymphocyte-associ- 
ated antigen 4 (CTLA-4, also known as CD152), a second B7 receptor 
on T cells which has partial homology to CD28, competes with CD28 
for binding to B7-1 and B7-2 on APCs. Blockade of CD28-B7 interac- 
tions by administration of the soluble inhibitory fusion protein CTLA- 
4-immunoglobulin (CTLA-4-Ig) is effective in preventing the progres- 
sion of disease in experimental models of asthma 5 and leishmaniasis 6 
and is of therapeutic value in patients with psoriasis 7 . Like the CD28- 
B7 pathway, ligation of APC-expressed CD40 by CD 154 on activated 
T cells generates key signals for T cell activation, and the use of a mon- 
oclonal antibody (mAb) to CD 154 is currently being evaluated in sev- 
eral clinical studies. However, although the importance of both CD28 
and CD154 in primary T cell activation is well established, these mol- 
ecules appear to be far less important in the generation and mainte- 
nance of memory and effector T cell functions 8 . 

Inducible costimulator (ICOS) is the third member of the CD28 fam- 
ily 910 . Unlike CD28, which is constitutively expressed by all T cells, 
ICOS is expressed preferentially by activated T cells, and studies of 
ICOS"'- mice show that ICOS costimulation is necessary for the activa- 
tion and function of effector T cells"-' 3 . ICOS^- mice were deficient in 
interleukin 2 (IL-2) and IL-4 expression, had reduced IL-13 expres- 
sion" 12 and impaired Ig isotype class-switching 1213 . The inability to 



class-switch was overcome by CD40 stimulation, which suggests that 
ICOS costimulation is mediated, at least in part, via regulation of the 
CD40-CD154 pathway 13 . The ICOS ligand was identified as being the 
third B7 family member and was termed B7 homolog (B7-H)' 4 ; its 
murine homolog was subsequently cloned and termed B7-related pro- 
tein 1 (B7RP-1) 1516 . B7RP-1 is constitutively expressed by B cells, with 
lower expression on monocytes. 

In transplant models, therapy with CTLA-4-Ig 171! or a CD 154 mAb", 
alone or in combination 20 , prolongs allograft survival, especially when 
combined with donor-specific therapy (DST) such as intravenous injec- 
tion of donor spleen cells. However, in the absence of concomitant DST, 
allografts are eventually rejected due to the development of transplant 
arteriosclerosis 21 ' 22 . Given concerns over the clinical applicability of DST, 
the failure of costimulation blockade alone to prevent chronic rejection 
has led to a search for additional pathways of potential importance in the 
regulation of effector T cells. Here we show, using a vascularized cardiac 
allograft model, that ICOS expression is up-regulated during the devel- 
opment of allograft rejection. The key role of ICOS induction in acute 
rejection was shown by studies in which therapy with monoclonal anti- 
ICOS or ICOS-lg prolonged allograft survival, as well as with the use of 
ICOS J - mice. In addition, when used in conjunction with a subtherapeu- 
tic regimen of cyclosporin A (CsA), anti-ICOS induced permanent allo- 
graft survival without the development of transplant arteriosclerosis. We 
also show that anti-ICOS therapy prevents chronic rejection after cos- 
timulation blockade with a CD154 mAb without the need for DST. 
Hence, our data show the importance of the ICOS-B7RP-1 pathway in 
the development of both acute and chronic allograft rejection. 
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a corresponding recipient's spleen. Samples were 
taken on days 1, 2, 3 and 5 after transplant. Murine GAPDH 
cDNA was used as a control for loading; ICOS and B7RP-1 
RNA sizes are indicated. Data are representative of two sam- 
ples per group for each time-point, (b) Immunohistology of 
normal hearts and day 5 cardiac allografts showed the lack of 
baseline ICOS expression and localization of ICOS protein to 

infiltrating mononuclear cells as rejection developed, (c) In contrast, marked B7RP-1 baseline - 
1 was only slightly different during acute rejection, when the protein was localized to large ' 
at each time-point. (b,c) Cryostat 




Results 

ICOS expression in rejecting heart transplants 

We first investigated the extent to which ICOS and B7RP-1 mRNA were 
expressed during the development of cardiac allograft rejection across a 
full MHC disparity (from H-2" to H-2"). Total RNA was prepared from 
heterotopic transplants and from each recipient's native heart after col- 
lection on days 1-5 after transplant and ICOS and B7RP-1 expression 
analyzed by northern blot hybridization. Negligible ICOS mRNA 
expression was present in native hearts, but ICOS was markedly up-reg- 
ulated by day 5 after transplant (Fig. la). Two ICOS-specific mRNAs 
(3.6 kb and 1.7 kb) were detected in the rejecting transplants. In con- 
trast to ICOS, B7RP-1 (2.9 kb) was readily detectable in normal hearts 
and mRNA expression did not change markedly during the development 
of allograft rejection, although a minor increase was observed by day 5 
(Fig. la). Both ICOS and B7RP-1 were expressed in normal spleen and 
mRNA levels showed little change after transplant (Fig. la). 



Given our mRNA data, we sought to localize ICOS protein expres- 
sion during allograft rejection and determine which cardiac cell types 
normally expressed B7RP-1. Immunohistological studies with rat mAbs 
to mouse showed that whereas normal hearts lacked ICOS protein 
expression, ICOS was localized to infiltrating mononuclear cells, espe- 
cially by day 5 after transplant (Fig. lb). In contrast, B7RP-1 was local- 
ized to resident interstitial dendritic cells within the normal myocardium 
and was also expressed during rejection, albeit in low amounts, by infil- 
trating macrophages (Fig. lc), consistent with a minor increase in 
B7RP-1 mRNA expression (Fig. la). 

1COS-B7RP-1 and prolonged allograft survival 

We examined the role of ICOS up-regulation during acute rejection by 
comparing the effects of targeting the pathway with a blocking versus a 
nonlocking mAb to ICOS and determining the effects of an ICOS-Ig 
fusion protein. 
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Figure 2. Bl 



le of 1COS-B7RP-1 c< 



ii inhibits acute ellograft rejection, (e) The anti-ICOS mAb 12A8 did not deplete ICOS* T cells, as shown by 
w cytometric analysis of splenocytes 24 h after intraperitonal injection of mAb (200 ug). Staining of splenocytes with a secondary (2") antibody alone (mouse anti-rat 
lgG2b) detected anti-ICOS bound to CD3* splenic T cells in treated, but not control, mice. Additional mAb increased T cell staining only marginally (upper right panel) and 
untreated mice had similar numbers of ICOS* T cells (lower right panel) as animals receiving anti-ICOS therapy, (b) Northern analysis compared expression of ICOS and 
B7RP-1 RNA in control hearts versus cardiac allografts collected at day 7 after transplant from recipients treated with IgG or a blocking anti-ICOS (mAb 12A8).A murine 
GAPDH cDN A fragment was used as a control for loading (data are representative of three grafts per group). Beginning at the time of engraftment, wild-type (ICOS*) allo- 
graft recipients were treated daily for 14 days with (c) anti-ICOS or (d) ICOS-Ig fusion protein and mi ~ - " — " "'" " 
Allograft survival in ICOS* recipients was als< 
using Mann-Whitney U test. 



ils per group. 'P<0.005 compared to other groups. 




le of ICOS-B7RP-1 c 
histology, (a) Comparison of intragraft events at day 7 a 
showed that control IgG antibody therapy has no effect on graft leukocyte 
t and myocyte injury, whereas anti-ICOS therapy preserves 
ic morphology. Paraffin sections v 



n, origina 



3. (b) 



iw that anti-ICOS therapy significantly decreased graft infiltration, 
including infiltration of total leukocytes (CD45*) and T cells (CD3-) and sub- 
sets of T cells (CD4*, CD8*) as well as macrophages and activated cells (IL- 
2R-). Data are from 20 fields per graft and three grafts per group. -P<0.01, 
"P<0.005 and "*P<0.001 versus the untreat 





Using flow cytometry, we found that mAb 12A8 (with a specificity for 
ICOS) bound, but did not deplete, ICOS* T cells in vivo (Fig. 2a). This 
anti-ICOS therapy prevented the up-regulation of ICOS mRNA that is 
associated with acute rejection at day 7 without affecting cardiac B7RP-1 
mRNA expression (Fig. 2b). In addition, although treatment with rat IgG 
or an isotype-matched nonblocking anti-mouse ICOS had no effect on 
allograft survival compared with survival in untreated recipients, the 




blocking anti-ICOS significantly prolonged allograft survival (FO.005) 
(Fig. 2c). The contrasting results obtained with the two types of anti-ICOS 
indicated that inhibition of ICOS-B7RP-1 interactions is of therapeutic 
importance in transplantation. This deduction was reinforced by pro- 
longed allograft survival in ICOS v " recipients that was comparable to that 
achieved with 12A8 mAb in ICOS* mice (Fig. 2c). Therapy with ICOS- 
Ig, which binds to B7RP-1 and blocks its interaction with ICOS expressed 
by activated T cells, also prolonged survival (7M).0O5) (Fig. 2d). 

Histological evaluation of allografts collected at day 7 after transplant 
showed that therapy with anti-ICOS preserved tissue architecture and 
blocked host leukocyte accumulation (Fig. 3a). Immunohistological 
studies showed that anti-ICOS therapy greatly decreased graft infiltration 
by host T cells, including both CD4* and CD8* T cell subsets, 
macrophages and activated (IL-2R*) cells (Fig. 3b). In contrast, at day 7, 
natural killer (NK) and B cells were undetectable in any group and only 
small numbers of neutrophils were detected in areas of myocyte necrosis 
developing in those recipients receiving IgG therapy or left untreated. 

Anti-ICOS suppresses intragraft immune activation 

The circulating and intragraft amounts of multiple cytokines, chemokines 
and their receptors change during transplant rejection 23 . We analyzed the 
expression of cytokines, chemokines and chemokine receptor by RNase 
protection assays (RPA) to determine the mechanisms responsible for the 
marked decrease in leukocyte recruitment to allografts of anti-ICOS-treat- 
ed recipients (Fig. 4). Anti-ICOS therapy suppressed the intragraft up-reg- 
ulation of cytokine mRNAs, especially interferon-y (IFN-y) and IL-10, 
and reduced the expression of IL-6 and IL-15 mRNAs. Of the chemokines 
analyzed, lymphotactin (XCL1), RANTES (regulated upon activation, 
normal T cell-expressed and secreted, or CCL5), eotaxin (CCL11), 
macrophage inflammatory protein la (MlP-la, or CCL3), MIP-lp" 
(CCL4), MIP-2 (CCL8), interferon-Y-inducible protein-10 (IP-10 or 
CXCL10), MCP-1 (CCL2) and T cell activation protein 3 (TCA-3 or 
CCL1) were markedly down-regulated on treatment with anti-ICOS, 
whereas MCP-1 was not. In addition, anti-ICOS therapy suppressed the 

Figure 4. Blockade of ICOS-B7RP-1 costimulation blocks intragraft im- 
mune activation. RPAs of intragraft cytokines, chemokines and CC and CXC 
chemokine receptors were undertaken with the use of total RNA (20 ug) isolated 
from control (C) or transplanted (T) hearts at day 7 after transplant; allograft recip- 
ients were treated daily with anti-ICOS or an isotype-matched control IgG. Data are 
representative of three samples per group. 
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tion after anti-CD 154 therapy, (a) Northern 
analysis of ICOS and B7RP-1 RNA expression in 
native hearts or heterotopic transplants of 
engrafted mice on day 7 after transplant and 
hearts from control mice. Allograft recipients 
were treated with lgG,anti-CD154 alone (-DST) 
or anti-CD154 + anti-ICOS (+DST); a murine 
GAPDH cDNA fragment was used as a loading 
control, (b) Anti-CD1 54 suppressed ICOS induc- 
tion and h< 



i on day 7 after transplant of 
allografts from recipients treated with IgG versus 
anti-CD154. (c) The effects of anti-CD154 thera- 
: ICOS e 



, as reflected by pe 
n of ICOS- n 
s from CD154 n 
recipients 30 days after transplant. In contrast, 
addition of antl-ICOS prevents intragraft accu- 
n of ICOS* a 



indicate the elastic lamina that bounds the vessel intima.Vessel i 
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ic rejection with great effectiveness"- 24 ' 25 . 
We therefore tested the effects of CD 154 
mAb and DST therapy on intragraft ICOS 
and B7RP-1 expression. Without con- 
comitant DST, allografts in CD 154 
mAb-treated recipients are rejected due 
to the development of transplant arte- 
riosclerosis 2,t22 . Therefore we also tested 
whether targeting of ICOS in c< 
with CD154 mAb only would d 
the incidence and severity of this and 
other manifestations of chronic rejection. 

ICOS up-regulation after CD154 
mAb therapy 

To determine how ICOS and B7RP-1 
RNA levels are affected during anti- 
CD154 + DST-induced tolerance induc- 
tion, we compared three groups of allo- 
graft recipients by northern analysis at day 
7 after transplant. One group received IgG, 
a second received CD 154 mAb alone and 
a third received anti-CD 154 + DST. A 
fourth group of animals, which were not 
operated upon or treated in any way, pro- 
vided normal control cardiac samples. 
ICOS RNA expression, almost unde- 
tectable in the normal heart, was markedly 
up-regulated during rejection (Fig. 5a). 
Treatment with anti-CD 154, with or with- 
out DST, suppressed the intragraft expres- 
sion of ICOS mRNA completely. How- 
ever, the baseline level of B7RP-1 mRNA 
re 2.8±0.8 without antl-ICOS versus 0.3±0.1 with expression was largely unchanged in 




or tolerance induction (Fig. 5a). 

Consistent with the mRNA data, anti- 

up-regulation of mRNAs encoding the chemokine receptors CCR1, CD154 therapy blocked intragraft ICOS protein expression at day 7, 
CCR2, CCR5, CXCR3 and CXCR4; only the up-regulation of CXCR2 regardless of whether DST was used (Fig. 5b). However, in follow-up 
mRNA was unaffected. The importance of this latter observation was studies we found that by 30 days after transplantation, grafts in recipients 
unclear because CXCR2 protein is primarily expressed by neutrophils, treated with anti-CD 154 developed myocyte and vessel injury in conjunc- 
which were not detected within allografts after ICOS therapy. tion with prominent intragraft ICOS expression on infiltrating mononu- 

Given these data, which show a role for ICOS in the development of clear cells. In contrast, no ICOS expression or features of chronic rejec- 
acute rejection, involvement of ICOS in the development of chronic tion were seen in the allografts of recipients treated with CD154 mAb + 
rejection after costimulation blockade with anti-CD 154 therapy was DST (data not shown). To determine whether the transplant arteriosclero- 



considered. When administered in conjunction with donor splenocytes 
as a form of DST, costimulation blockade with CTLA-4-Ig or CD 154 
mAb can induce permanent survival without the development of chron- 



sis that developed after CD 154 mAb therapy was ICOS-dependent, we 
tested the effects of supplementing anti-CD154 with anti-ICOS. We found 
that, although both protocols extended allograft survival to at least 30 




Figure 6. Synergistic effect of CsA therapy and targeting 
ICOS-B7RP-1. (a) Use of CsA (10 mg/kg/day) for 14 days 
extended cardiac allograft survival by an extra 3 days. This con- 
trasted with the use of anti-ICOS for 14 days, which tripled car- 
diac allograft survival (*P<0.005 versus CsA or untreated recipi- 
ents). However, the combination of CsA + anti-ICOS induced 
permanent (>100 days) survival ("P<0.001 versus all other 
groups) . (b) Examination, at 1 00 days after transplant, of long-sur- 
viving cardiac allografts from recipients treated with CsA + anti- 
ICOS showed normal cardiac morphology. Survival and histolog- 
ir animals per group. 



days, use of anti-CD 154 therapy alone was complicated by the develop- 
ment of florid transplant arteriosclerosis, interstitial fibrosis, focal 
myocyte necrosis and perivascular accumulation of ICOS* leukocytes 
(Fig. 5c). In contrast, grafts from animals that had received additional anti- 
ICOS remained normal, with no intragraft ICOS expression (Fig. 5c) and 
no evidence of transplant arteriosclerosis (P<0.001) (Fig. 5d). 

Synergistic effects of anti-ICOS and CsA 

Most current clinical protocols for the management of allograft recipi- 
ents were developed based upon use of CsA, although it is clear that 
such protocols do not prevent the development of chronic rejection. We 
tested whether targeting ICOS might potentiate the effects of CsA, espe- 
cially with regard to the development of chronic rejection. We found that 
whereas 2 weeks of therapy with 10 mg/kg/day of CsA (10 mg of drug 
per kg of body weight per day) prolonged allograft survival by only a 
few days, combined therapy that used anti-ICOS + CsA for the same 
period of time led to permanent allograft survival (/><0.005) (Fig. 6a). 
In addition, examination of the latter allografts at day 100 after trans- 
plant showed completely normal cardiac morphology (Fig. 6b). 

Discussion 

Knowledge of the molecular basis of immune responses is expanding 
rapidly, driven by a search for key targets within the immune system for 
control of autoimmune responses and, in the case of transplantation, 
with an impetus to decrease the incidence of chronic rejection and pro- 
mote tolerance induction. Recently, much attention in the transplant 
field has been directed towards costimulation blockade, and encourag- 
ing data have arisen from studies to block the CD28-B7 and CD 154- 
CD40 pathways. However, costimulation blockade by either of these 
approaches usually fails to prevent graft loss because chronic rejection 
eventually occurs 2 " 4 ". In the case of the CD154-CD40 pathway, which 
has garnered more overall success in transplant models than CTLA- 
4-Ig, transplant arteriosclerosis develops regardless of whether anti- 
CD154 therapy 22 - 26 or CD154-deficient recipients 2 ' are used. In addi- 
tion, an anti-CD 154 therapy had little effect on the proliferation, dif- 
ferentiation, homing and cytokine production by alloreactive CD8* T 
cells 22 26 . This has led to a search for additional costimulatory molecules 
relevant to the regulation of memory or effector T cell functions. 

In this study, ICOS and its ligand, B7RP-1, were implicated in the 
pathogenesis of acute allograft rejection. We found that ICOS was 
induced on host mononuclear cells that were progressively infiltrating the 
graft. A variety of surface molecules are expressed by resting and acti- 
vated T cells so that use of a depleting antibody directed against any of 
these membrane proteins could eliminate a key effector cell population, 
and is therefore sometimes misinterpreted as evidence for the importance 
of that target in an immune response. However, given contrasting results 
obtained with a neutralizing versus a nonneutralizing mAb to ICOS, data 
which showed that the neutralizing mAb does not deplete ICOS* cells 
and the prolongation of allograft survival in ICOS J - mice, our findings 
indicate that ICOS induction is important to the development of allograft 
rejection. Consistent with this, the use of ICOS-Ig also had a beneficial 
effect on allograft survival, which indicated that blockade of either ICOS 
itself or the B7RP-1 ligand is of therapeutic value. 

The effects of anti-ICOS therapy on allografts include a reduction in the 
initial T cell and macrophage influx as well as the almost complete abro- 
gation of IL-2R* leukocyte recruitment. These effects are broader than 
those attributable to the targeting of only ICOS-expressing cells, especial- 
ly in the case of macrophages that are ICOS", regardless of immune acti- 
vation. The lack of EL-2R* cells and decreased intragraft expression of the 
chemokine receptors CXCR3 and CCR5 and the cytokine fFN-y are con- 



sistent with in vivo blockade of immune activation. CXCR3 expression, in 
particular, is induced upon T cell activation and plays a key role in allo- 
graft rejection 21 . CXCR3* T cells infiltrate grafts in response to the initial 
induction of IP- 10 expression by endothelial cells, after ischemia or reper- 
fusion injury, and promote the further up-regulation of IP- 10 and other 
CXCR3 ligands via production of IFN-f 8 . IFN-y is also important to the 
induction of RANTES and recruitment of CCR5 + leukocytes, especially 
macrophages 23 . Anti-ICOS therapy did not appear to function via immune 
deviation because the T helper type 2-associated cytokines IL-4 and IL- 
10 were not expressed within the graft. These findings complement in 
vitro data showing that ICOS delivers a CD28-independent signal for the 
production of IFN-v, IL-4 and IL-10». 

The development of transplant arteriosclerosis is a hallmark of chron- 
ic rejection, a multi-factorial process which currently limits the long- 
term efficacy of clinical and experimental allografts 2 '. In addition to 
expression on primary activated T cells, ICOS is expressed by memory 
T cells' that, on antigen re-exposure, undergo rapid expansion that is 
independent of CD28-B7 or CD154-CD40 ligation 8 . Therefore, we con- 
sidered whether ICOS might be important in the development of trans- 
plant arteriosclerosis after CD154-CD40 costimulation blockade. CD28 
costimulation promotes ICOS induction, and inhibition of CD28-B7 sig- 
naling markedly decreases ICOS expression on murine CD4* T cells in 
vitro 30 . We have shown here that targeting of CD154 suppressed T cell 
activation, including the induction of ICOS expression on graft-infiltrat- 
ing T cells. This leads to the question of whether the effects of CD154- 
CD40 blockade are at least partly ICOS-dependent. However, the long- 
term effects of anti-CD 1 54 therapy do not appear to be ICOS-dependent 
because, in conjunction with the development of transplant arterioscle- 
rosis, ICOS expression by intragraft leukocytes gradually returned. The 
prevention of transplant-induced arteriosclerosis by anti-ICOS therapy 
clearly establishes the importance of this pathway in the progression and 
development of chronic rejection and contrasts with the small effect 
achieved by targeting CD154 or CD28. 

When considering targeting a new pathway, it is necessary to assess 
its potential effectiveness in combination with current best-practice ther- 
apy. Most clinical allograft recipients receive CsA-based immunosup- 
pression drugs, although none of these clinical protocols can prevent the 
long-term development of chronic rejection. There is the added concern 
that use of inhibitors of calcineurin, like CsA or FK506, may impair 
development of tolerance induction, as has been observed experimental- 
ly 20 ' 31 ' 2 . We found that anti-ICOS + CsA had synergistic effects that led 
to permanent engraftment and a complete absence of deleterious host 
immune responses or development of chronic rejection. Whether this 
permanent engraftment reflects the development of an unresponsive or 
anergic state, or possibly points towards a role for ICOS in tolerance 
induction, is unknown because no third-party allografts or second donor 
grafts in long-surviving allograft recipients have been undertaken. 
Nevertheless, we can already note that, in contrast to CD28 or CD154, 
ICOS is the first major costimulatory molecule in which the benefits of 
targeting are not impaired by concomitant routine immunosuppression. 

Thus, we have described the importance of ICOS-B7RP-1 in allo- 
graft rejection. The expression of this pathway is relevant to the patho- 
genesis of both acute and chronic rejection. The actions of this pathway 
appear to mediate the development of chronic rejection after CD154- 
CD40 blockade. In addition, the advantage of targeting ICOS-B7RP-1 
is that this therapy acts in synergy with, rather than antagonistically to, 
conventional CsA-based immunosuppression and generates permanent 
survival without any evidence of graft injury. Our findings suggest that 
regulation of this pathway may be of key importance in promoting 
successful transplantation and possibly in treating autoimmune diseases. 
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Reagents. CsA (Sigma, St. Louis, MO) was dissolved in 

anti-mouse CD40L (mAb MR-1) was from BioExpress (West Lebanon, NH) and co. 

hamster and rat IgG antibodies were from Jackson ImmunoResearch (West Grove, PA). Rat trophils, NK and B cells (PharMingen) 15 and qu 
anti-mouse ICOS mAbs were generated in-house; of these, mAb 12A8 (IgG2b) blocks ^™ is *- — * W «™I e ^^^% { ^^"^S/^ 
binding of B7RP-1 to mouse ICOS cell transfectants, whereas mAbl5F9 (IgG2b) is a non- "nd five grafts per group) as <S% occlusion (0), >5-20% (1), >20-40% (2), >40-60% (3), 
blocking anti-mouse ICOS mAb. >60-80%(4),or>80-100%(5) B . 

ELISA studies showed that mAb 12A8 (anti-ICOS), us 
otherwise specified, has a half-life in vivo of -15 h, is clt 
mouse anti-rat IgG response by 14 days (data n( 

depletes ICOS* cells, we injected mice intraperitoneally with 12A8 (200 tig) an. 
ICOS expression by splenic CD3* T cells 24 h later. Splenocytes were isolated by median- 

ical dissociation and treated with PBS containing 10% goat serum to block nonspecific Supported by a National Institutes of Health grantAI40152 (to W. V 
binding. Some splenocytes samples were stained with biotinylated mouse anti-rat IgG2b 

(PharMingen, San Francisco, CA) to detect residual bound antibody, others were spiked . ., . _,, ™, 

with 12A8 (10 tig/ml) followed by biotinylated mouse anti-rat IgG2b. AU samples were Rece.ved 21 March 2001; accepted 24 April 2001. 

subsequently blocked with rat serum, stained with phycoerythrin-streptavidin + rat-ant 

mouse CD3 (PharMingen) and analyzed on a FACscan flow cytometer (PharMingen). Immunol 14, 233-258 (1996). 

A murine ICOS-human IgGl fusion protein (ICOS-Ig) was prepared as described". Rat 2 * '■• !■■ ^L™?? 
anti-mouse B7RP-1 was prepared by gene-gun immunization with murine B7RP-1 cDNA, 3 F£™T!n5«CL ^ 12 
with initial screening by ELISA. This was followed by flow cytometry analysis of mouse B ' ^rjpjs Immunol. 14 

cells and the comparison of binding with ICOS-Ig. We used the clone 3F8 for immunohis- - 

tological studies. 

Transplantation and treatment protocols. Male 6-week-old BALB/c (H-2<) and C57BL/6 
(H-2-) mice were from The Jackson Laboratory (Bar Harbor, ME) and were mi 
a specific pathogen-free mouse facility. Heterotopic abdominal cardiac allografting was 
done with the use of BALB/c donors and C57BL/6 recipients'*. The role of ICOS in acute 

rejection was assessed by intraperitoneally injecting allograft recipients (six individuals per 7. Abroim, 1. R. el «l. CTLA-4l9-me(llit«d blockade of T-coll coi 
group) with blocking anti-ICOS, nonblocking anti-ICOS or control IgG (500 tig) on alter- 9»m '■ Mr>. Imwt. 103 1243-1252 (1998). 
nate days; an additional group received ICOS-Ig (200 M-g/day) with the same protocol. 8 j^™' ^D^T^i, /immun^lM 1 26^272 (a 

Aspects of ICOS involvement in chronic rejection were studied with the use ofrmmmdh. . "T. . 

ods. For some mice, a single intraperitoneal (i.p.) injection of CD40L mAb 
out intravenous injection of 5x10* donor spleen cells) was administered at tra 
up to 14 days administration of blocking anti-ICOS or IgG (with the protocol already 
described). Other mice received 14 days of CsA therapy (200 ug/day, beginning at f-- 
plantation) + blocking anti-ICOS or IgG (with the protocol already described). ICOS J 

used as recipients of BALB/c allografts were crossed onto a C57BL/6 backg J 

the same phenotypic characteristics as three reported lines of ICOS J mice" 

ICOS cDNA. A plasmid containing the complete ICOS cDNA was I 
(St. Louis, MO). A 556-bp ftoRI-flamHI fragment (£coRI site in the vector) that i 
-45 bp of 5'-untranslated sequences and a large part of the ICOS coding sequence (which 

corresponded to the first 170 amino acids of ICOS) was subcloned into a Bluescript 

and used as a probe in our Northern blot analysis. 

Cloning of B7RP-1 cDNA by RT-PCR. Total RNA < 

heart, liver, kidney and spleen with the use of the acid-guanidine thiocyanate-phenol-chio- 
roform method 1 '. A ProStar RT-PCR system (Stratagene, La Jolla, CA) was used for cDNA 
generation, and later for B7RP-1 cDNA amplification, with prit 
GAAGTCGGTGCAATGG-3' and 5'-CTTTCTGCCT GGCTAATGCTAG-3'. The 642-bp 
B7RP-1 cDNA fragment was gel-purified i 




ith Kodak MR film. 




RNA isolations and northern blot analysis or ICOS and B7RP-1 1 . 

was prepared from each recipient's native heart, spleen and cardiac allograft with the ' 
the acid-guanidine thiocyanate-phenol-chloroform method". RNA (25 ug) was loadei 
each lane of 1 .2 % agarose-formaldehyde gels and a 0.24-9.5-kb RNA ladder (Gibco-BRL, mi , 
Rockville, MD) was used as a size control. After electrophoresis, the RNA was blotted 
overnight to a Nytran Supercharge membrane (Schleicher 
20xSSC and cross-linked to the membrane by UV-i 
(Stratagene). "P-labeled probes to ICOS and B7RP-1 
Labeling System (Amersham Pharmac' " 
performed at 68 "C in roller bottles w 
For reuse, membranes were deprobed 



RPA. mRNA levels for several cytokii 
CXCR-type chemokine receptors were quantified by RPA, 

instructions (PharMingen). Briefly, RNA samples (20 p.g each) were hybridized with 
plimentary P'PjUTP labeled riboprobes, including the ' ' 
GAPDH. After hybridization, 



